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ALLAMA IQBAL OPEN UNIVERSITY, ISLAMABAD 

(Department of Computer Science) 

Course: Design Fundamentals (3477)  •  Level: Bachelor 

Semester: Autumn 2026 

Assignment No. 2 

Total Marks: 100  •  Pass Marks: 50 

SOLVED ASSIGNMENT GUIDE — For Study & Reference 

Note: This guide is prepared for study and reference purposes only. Students are advised to read the 

relevant units of the course book, understand the concepts, and then write the assignment in their own 

words. Copying this guide word for word is not allowed. 

Question 1: The Time Model in Multimedia Systems and Its 

Importance for Synchronisation (20 Marks) 

Question as printed: Define a time model in multimedia systems and explain its importance 

in synchronization. 

Introduction 

A text document does not care about time: its words are all present at once, and reading them 

faster or slower changes nothing about their meaning. Multimedia is different. A song played at 

the wrong speed changes pitch; a lecture video whose voice drifts away from the speaker's lips 

becomes hard to watch within a second; an animation, a set of slides and a commentary that 

fall out of step stop being one presentation and become three unrelated streams. Behind every 
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well-behaved multimedia system there is therefore an explicit answer to questions such as: 

what does 'at the same time' mean for a sound sample, a video frame and a subtitle? When 

exactly must each item be presented? What happens when the network delivers something 

late? That shared answer is the system's time model. This answer defines the time model of a 

multimedia system, describes its main components — timelines, timestamps, clocks and 

temporal relationships — and explains, with examples, why it is indispensable for 

synchronisation within one medium, between different media, and across a network. 

What Is a Time Model? A Definition 

A time model in a multimedia system is the formal framework the system uses to represent, 

schedule and coordinate time-dependent media: it defines a common time base (a clock), a 

time scale and units, points and intervals on timelines for each medium, and the temporal 

relationships that must hold between media items when they are presented. Put more simply, 

the time model is the set of rules that lets a system say 'this frame at 0.04 seconds, this sound 

sample beginning at exactly the same moment, this caption from 3.0 to 6.5 seconds' — and 

mean the same thing on the machine that created the presentation, the network that carries it 

and the machine that plays it. In the model, continuous media such as audio and video are 

treated as sequences of units (samples, frames) each with a presentation time, while discrete 

media such as text, images and user events are placed at points or intervals on the same 

timeline. Timing is commonly expressed with timestamps taken from a shared clock, and 

relationships such as before, after, meets, overlaps, during and simultaneous — the interval 

relations studied in logic — describe how clips and streams must line up. 
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Main Components of a Time Model 

Four components appear in almost every practical time model. (1) A reference clock and time 

base: one authoritative progression of time against which everything is measured, with defined 

units (seconds, or media-specific units such as sample number and frame number) and a 

defined starting point. Systems often distinguish the timeline of the content as authored (the 

'virtual' or presentation timeline) from the real wall-clock time of playback, and the model's job 

includes mapping one to the other when playback is paused, sped up or delayed. (2) Timelines 

per stream and a master timeline: each audio, video or caption stream has its own sequence 

placed on the shared master timeline, so the whole presentation is a coordinated set of parallel 

tracks — the picture used in every video editor. (3) Timestamps and durations: every unit 

carries the time at which it must be presented and, where relevant, how long it lasts; streaming 

protocols stamp packets for exactly this purpose. (4) Tolerance and correction rules: because 

real clocks drift and networks jitter, a usable model also states how much asynchrony is 

acceptable (for lip synchronisation, errors under roughly a tenth of a second are hard to notice; 

for two loudspeakers playing the same sound, the tolerance is far tighter) and what the player 

should do — drop a late video frame, briefly stretch audio, or re-synchronise — when reality 

departs from the schedule. 
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Figure 1: Separate media streams aligned on one shared timeline — the practical picture of a time model 

at work. 

Table 1: Temporal relationships the time model must express 

Relationship Meaning Example 

Simultaneous (equal) Two items presented at the 

same time 

Lip movement and the spoken 

word; a drum beat and its visual 

flash 

Sequential (before / meets) One item follows another, with 

or without a gap 

Question slide, then the 

worked-solution slide 

Overlapping / during One item runs inside or across 

another 

Background music under a 

whole narration; captions 

during a speech 

Parallel with offset Streams start together but one 

is deliberately shifted 

A translation voice-over starting 

a moment after the original 

speaker 
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Why the Time Model Matters for Synchronisation 

Synchronisation is usually divided into three levels, and the time model serves all three. Intra-

media (intra-stream) synchronisation concerns the timing within a single continuous medium: 

the frames of a video must appear at the authored rate — 25 or 30 per second, evenly — and 

audio samples must flow without gaps or doubling, or motion stutters and sound crackles. The 

time model supplies the schedule (each frame's presentation time) against which the player can 

detect and repair irregular delivery. Inter-media synchronisation concerns relationships 

between different media — the famous case being lip sync between the audio and video of a 

speaker, but also captions appearing with the words they transcribe, a pointer moving over a 

diagram as the narration mentions it, slides advancing with a recorded lecture, and sound 

effects matching game events. Without a common time base, each stream would run on its 

own clock and drift apart at its own rate; with one, the player can continually compare actual 

progress against the model and keep the streams locked. Inter-destination (or distributed) 

synchronisation extends the same requirement across machines and places: students watching 

a live class in different cities, or speakers in different rooms of a building, must hear and see 

events in step — again impossible without shared timestamps and a model for correcting clock 

differences. 

The time model also quietly enables several everyday features. Seeking ('jump to 12 minutes 30 

seconds') is only meaningful because every stream is indexed by the same timeline. Pause, slow 

motion and fast-forward are transformations of the mapping between the content timeline and 

real time, applied uniformly to all streams so they stay synchronised while their shared speed 

changes. Editing — cutting a scene — is timeline surgery whose correctness the model defines: 
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remove an interval from the master timeline and every stream loses the same interval. Live 

systems depend on it most of all: in a video call, audio and video arrive over a jittery network in 

packets stamped from the sender's clock, and the receiver uses a jitter buffer, holding packets 

briefly so they can be released exactly on schedule — a direct application of the time model, 

trading a little delay for synchronised, smooth playback. Where the model is absent or ignored, 

the symptoms are the ones every user knows: echoing double audio, voices trailing pictures, 

captions describing the previous scene, and presentations whose narration and slides part 

company. 

•  Definition in one line: a time model is the shared framework of clock, timelines, 

timestamps and temporal relationships by which a multimedia system schedules time-

dependent media. 

•  Synchronisation has three levels — within a stream (even frame/sample timing), 

between streams (lip sync, captions, slides), and between destinations (many machines in 

step). 

•  Tolerances matter: lip-sync errors become noticeable around a tenth of a second; the 

model states the tolerance and the correction (drop, stretch, resync). 

•  Seeking, pause, speed change and editing are all operations on the model's timeline, 

applied to every stream together. 

•  Live systems implement the model with timestamps and jitter buffers to turn irregular 

packet arrivals into exactly scheduled playback. 
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Conclusion 

A time model is the multimedia system's shared understanding of time: one clock, parallel 

timelines for the individual streams, timestamps and durations for every unit, explicit temporal 

relationships between items, and stated tolerances with corrections when reality drifts. It 

matters for synchronisation because synchronisation is impossible without something to 

synchronise to: the model is the reference that lets a player keep frames even, voices on lips, 

captions on words and distant viewers on the same moment. Every timeline in every editor, 

every timestamp in every streaming protocol and every jitter buffer in every video call is this 

abstract idea made practical. 

Question 2: Main Objectives of Multimedia System Services (20 

Marks) 

Question as printed: What are the main objectives of multimedia system services? 

Introduction 

A multimedia system is more than a computer that can show pictures. Underneath the 

applications a user touches — the player, the lecture app, the video call — sits a layer of system 

services: the facilities provided by the operating system and its supporting software for 

creating, storing, processing, transmitting, synchronising, finding and presenting multimedia 

data. These services exist because multimedia data makes demands that ordinary data does 

not: it is huge, it arrives as timed streams rather than static files, several types must play 

together, and quality must hold up in real time or the experience collapses. This answer 
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explains the main objectives that those services are designed to achieve. The objectives can be 

grouped under seven headings — correct and timely handling of continuous media, 

synchronisation, integration of media types, efficient storage and retrieval, communication 

support, quality of service, and a usable environment for developers and users — and each is 

explained with the practical failure that occurs when it is not met. 

Objective 1: To Handle Continuous Media Correctly and in Real Time 

The first objective is to treat time-dependent media as streams with deadlines, not as ordinary 

data. A text file read a second late is merely a slow file; a video frame displayed a second late is 

a broken video. Multimedia services therefore aim to capture, process and present audio and 

video at their required rates continuously — scheduling processor time, disk access and 

memory so that data arrives 'just in time' and playback neither starves (buffer underflow, heard 

as stutter) nor floods. This objective drives real-time scheduling policies, buffering, and 

admission decisions in which a system refuses or degrades a new stream rather than ruining all 

the streams already playing. 

Objective 2: To Synchronise the Media 

Closely linked is the objective of synchronisation at all three levels: within a stream (even timing 

of frames and samples), between streams (audio with video, captions with speech, narration 

with slides), and between machines in distributed presentations. Services pursue this objective 

by providing common clocks, timestamping, synchronisation points and correction 

mechanisms, so application writers do not each have to reinvent lip sync. The success measure 
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is perceptual: the audience should never be able to tell that sound and picture travelled 

separately. 

Objective 3: To Integrate Different Media Types into One Presentation 

Multimedia means combination, so a central objective is integration: text, graphics, images, 

audio, video and animation must be storable in related structures, composable into a single 

presentation, and presentable together with consistent behaviour — one play button, one 

timeline, one seek operation acting on all components at once. Services support this with 

common data models, container formats and presentation engines, so that a course unit, an 

advertisement or a medical record can be authored, stored and delivered as one coherent 

object rather than a bundle of unrelated files the user must assemble by hand. 

Objective 4: To Store, Organise and Retrieve Large Amounts of Media Efficiently  

Media files are orders of magnitude larger than text, so services aim at efficient storage and 

retrieval: compression and standard formats to reduce size; file and database structures that 

can deliver streams at sustained rates; indexing by title, author, date and — increasingly — by 

content; and fast seeking into the middle of long recordings. A video library or a university's 

lecture archive meets this objective when a requested item starts playing almost immediately, 

at the requested point, without disturbing other users being served at the same time. 

Objective 5: To Support Communication and Distributed Delivery 

Most multimedia is consumed somewhere other than where it was made, so services aim to 

move media across networks within their timing budgets: streaming protocols that pace 

delivery to playback, adaptation to changing bandwidth (lowering resolution rather than 
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freezing), support for live and on-demand delivery, and multicast or content-distribution 

arrangements so a popular lecture or match can reach thousands without thousands of 

separate full streams from one server. Error handling belongs here too — deciding whether a 

lost packet is worth re-sending (for a file download, yes; for a live frame whose moment has 

passed, no). 

Objective 6: To Guarantee and Manage Quality of Service (QoS)  

Users experience multimedia as quality: resolution, smoothness, clarity, delay. A formal 

objective of the services is therefore to define, request, reserve and monitor quality of service 

— parameters such as bitrate, frame rate, maximum delay and jitter — negotiating between 

what the application wants, what the devices can do and what the network can deliver, and 

adapting gracefully when conditions worsen. In interactive services the objective includes 

keeping delay low: a conversation becomes unnatural when delay grows beyond a few hundred 

milliseconds, however beautiful the picture. 

Objective 7: To Provide a Usable Platform for Authors, Developers and Users 

Finally, services aim to make multimedia buildable and usable by people. For developers this 

means standard interfaces and tools — media frameworks, codecs, device abstractions — so an 

application works across cameras, microphones and screens without custom code for each. For 

authors it means editing, composition and authoring support. For end users it means simple, 

consistent control: play, pause, seek, volume, captions, speed — the same everywhere. 

Accessibility belongs to this objective as well: captioning, audio description and adjustable 

playback are services, not decorations. Security and rights management — who may view, copy 
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or alter a media object — are also commonly listed, since a service that cannot protect content 

will not be trusted with it. 

Table 1: Objectives of multimedia system services — summary 

Objective What success looks like Typical failure when absent 

Real-time stream handling Smooth, continuous playback 

and capture 

Stutter, gaps, frozen frames 

Synchronisation Sound, picture, captions and 

slides in step 

Lip-sync error, captions 

describing the previous scene 

Integration of media One presentation, one timeline, 

one control set 

Loose files the user must 

assemble manually 

Storage and retrieval Instant start, fast seek, 

searchable archive 

Long waits, unfindable 

recordings 

Communication support Reliable live and on-demand 

delivery that adapts to the 

network 

Buffering wheels, collapsed live 

events 

Quality of service Agreed quality monitored and 

defended; graceful degradation 

Sudden quality collapse under 

load 

Usability, tools and protection Standard controls and APIs; 

accessible; rights respected 

Every app different; content 

unusable or unprotected 

  

Conclusion 

The objectives of multimedia system services all flow from one fact: multimedia data is large, 

timed, mixed and judged by human perception in real time. The services therefore aim to 
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handle continuous media against deadlines, synchronise streams within themselves, with each 

other and across machines, integrate all media types into single presentations, store and 

retrieve huge collections efficiently, deliver them across real networks, guarantee and adapt 

quality of service, and present developers, authors and ordinary users with a standard, 

accessible and protected platform. When these objectives are met, multimedia feels effortless; 

each objective on the list corresponds to a familiar frustration that appears the moment it is 

not. 

Question 3: Key Multimedia Services and the Role of Window Systems 

in User Interaction (20 Marks) 

Question as printed: List and briefly explain key multimedia services and the role of window 

systems in user interaction. 

Introduction 

When a student opens a learning app and watches a lecture — pausing it, turning on captions, 

shrinking it into a corner while taking notes, then sending a clip to a classmate — a dozen 

invisible services cooperate to make those simple actions possible, and one very visible system 

organises everything on the screen: the window system. This answer first lists and briefly 

explains the key services a multimedia system provides — the facilities for capture, storage, 

compression, synchronisation, presentation, communication, retrieval and interaction — and 

then examines the window system in detail: what it is, and the specific roles it plays in user 

interaction with multimedia, from overlapping windows and device-independent drawing to 
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event handling and the compositing that makes modern screens look and behave the way they 

do. 

Key Multimedia Services, Listed and Explained 

Capture and device services control the hardware — cameras, microphones, scanners, screens 

and speakers — hiding each device's peculiarities behind standard interfaces, so any application 

can record or play without custom code. Compression services (codecs) encode and decode 

audio, images and video (JPEG, MP3/AAC, H.264 and their successors), trading size against 

quality on demand. Storage services manage media files and databases: sustained-rate delivery 

for streams, huge-file handling, and metadata. Synchronisation services provide shared clocks, 

timestamps and scheduling so streams stay in step. Presentation and rendering services turn 

stored media into pixels and sound — drawing text and graphics, scaling and mixing video, 

spatialising audio — in cooperation with the window system described below. 

Communication and streaming services move media across networks: protocols for live and on-

demand streaming, bandwidth adaptation, buffering and error decisions appropriate to timed 

data. Retrieval and indexing services let users find media — by name and metadata, and 

increasingly by content (the subject of Question 5). Interaction services deliver user input — 

keyboard, mouse, touch, pen, gestures, voice — to the right application with timing 

information, and support the standard controls (play, pause, seek, volume) consistently. 

Composition and authoring services let creators assemble media into presentations with 

timelines and links. Finally, supporting services cover quality-of-service management, security 

and digital rights, format conversion (transcoding), and accessibility facilities such as caption 
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rendering and audio description. No single application could sensibly rebuild all of this; the 

services are the shared foundation that makes multimedia applications cheap to build and 

consistent to use. 

•  Capture/device services: standard control of cameras, microphones, scanners, displays 

and speakers. 

•  Compression services (codecs): encode/decode images, audio and video at chosen size 

and quality. 

•  Storage services: large-file and database handling with sustained delivery rates and 

metadata. 

•  Synchronisation services: common clocks, timestamps and scheduling that keep streams 

together. 

•  Presentation/rendering services: drawing, scaling, mixing and output of media to screen 

and speakers. 

•  Communication/streaming services: live and on-demand delivery with adaptation and 

buffering. 

•  Retrieval/indexing services: finding media by metadata and by content. 

•  Interaction services: routing keyboard, mouse, touch and voice input; standard media 

controls. 

•  Supporting services: QoS management, security and rights, transcoding, accessibility. 
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What Is a Window System? 

A window system is the software layer that divides the screen into multiple rectangular regions 

— windows — each belonging to an application or document, and manages their creation, 

movement, resizing, overlap and destruction, the drawing inside them, and the delivery of 

input to them. Familiar examples are the Windows desktop environment, macOS's window 

server, and the X Window System and Wayland compositors of Linux; phones use the same 

ideas adapted to full-screen and split-screen apps. The window system sits between the 

hardware and the applications: applications ask it for a window and draw into it in device-

independent terms, and the window system, with the graphics hardware, is responsible for 

what actually appears. 

The Role of Window Systems in User Interaction 

The first role is organising simultaneous activity. Multimedia work is inherently parallel — a 

lecture playing, notes being typed, a dictionary open, a chat arriving — and windows make that 

parallelism visible and manageable: the user arranges, overlaps, minimises and switches 

between tasks, and can compare sources side by side, which is a genuine study and work 

technique and not merely decoration. The second role is consistent interaction: because the 

window system supplies standard furniture — title bars, menus, buttons, scroll bars, dialogs — 

and standard behaviours, users learn one set of gestures and controls that work in every 

application; multimedia controls themselves (the seek bar, the volume slider, the full-screen 

button) live inside this consistent frame. The third role is input management: the window 

system decides which window is active, delivers keystrokes to it, routes mouse, touch and pen 
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events to the window under the pointer with correct coordinates, and handles focus changes — 

the invisible traffic direction without which simultaneous applications would steal each other's 

input. 

The fourth role is controlled drawing and compositing. Each application draws into its own 

surface without knowing or caring what overlaps it; the window system (in modern systems, a 

compositor) assembles the final screen from all surfaces, adding shadows, transparency and 

smooth animation, and — vitally for multimedia — updating video regions at full frame rate 

while the surrounding windows stay still. This separation is also what makes picture-in-picture, 

video overlays and screen sharing possible: a video surface can be scaled, moved or captured 

because the window system, not the application, owns the final composition. The fifth role is 

device and resolution independence plus accessibility: applications draw in abstract units and 

the system maps them onto different screen sizes, pixel densities and multiple monitors, while 

system-level magnification, contrast and caption settings apply uniformly inside every window. 

In short, the window system is where multimedia becomes usable by a person: the services 

supply the media, but the window system supplies the desk on which all of it is laid out, 

arranged and touched. 

Table 1: Window system roles in multimedia interaction 

Role What it does Multimedia example 

Organising tasks Windows created, moved, 

resized, overlapped, minimised 

Lecture video beside a notes 

document 

Consistent interaction Standard controls, menus and 

behaviours everywhere 

Same play / seek / volume 

behaviour in every player 
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Input management Focus and routing of keyboard, 

mouse, touch, pen 

Typing goes to notes, clicks go 

to the player 

Compositing Assembles final screen from 

per-app surfaces; handles 

overlap and animation 

Picture-in-picture video over a 

web page; screen sharing 

Device independence & 

accessibility 

Abstract drawing units; scaling 

across screens; system 

accessibility settings 

Same app on laptop and 

projector; magnifier and 

captions apply everywhere 

  

Conclusion 

The key multimedia services — capture, compression, storage, synchronisation, presentation, 

communication, retrieval, interaction and their supporting facilities for quality, security and 

accessibility — form the engine room of every multimedia system. The window system is the 

room's public face: it organises simultaneous tasks into manageable windows, gives every 

application the same interaction language, directs input to the right place, composes the final 

screen from independent application surfaces at full video speed, and keeps the whole 

arrangement independent of the particular screen in use. Services make multimedia possible; 

window systems make it humanly usable. 
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Question 4: Multimedia and Hypermedia Data Models — Purpose and 

Description (20 Marks) 

Question as printed: What are multimedia and hypermedia data models? Briefly describe 

their purpose. 

Introduction 

Every organised collection of information rests on a data model: a set of concepts for describing 

what the data is, how its parts relate, and what operations make sense on it. A bank's data 

model speaks of accounts, customers and transactions; a library's, of books, authors and loans. 

Multimedia needs its own models because its data refuses to behave like neat rows in a table: it 

includes continuous streams with timing, images whose meaning lies in their content and 

arrangement, sound, video, and documents meant to be explored by following links rather than 

read in one fixed order. This answer explains what multimedia data models and hypermedia 

data models are, describes the ideas each contributes — media objects and their attributes, 

temporal and spatial composition, and in the hypermedia case nodes, links and anchors — and 

states the purpose these models serve for the people who build, store, search and present 

multimedia. 

Multimedia Data Models 

A multimedia data model defines how multimedia data is represented, structured and 

manipulated in a system. Its basic unit is the media object — an image, an audio clip, a video 

segment, a text passage, a graphic — described not only by its raw content but by attributes 
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and metadata: media type, format, duration, dimensions, creation data, keywords and rights. 

On top of individual objects the model defines composition: how objects combine into a 

presentation in space (this picture beside that text, this video inside that region of the screen) 

and in time (this narration under that animation, this clip after that one, synchronised at these 

points), which is why multimedia models must represent intervals, durations and 

synchronisation relationships that ordinary data models never mention. They also typically 

describe content features used for searching — the colours and textures of an image, the 

transcript and topics of a recording — and operations proper to media, such as play from a 

point, scale, overlay and transcode. Object-oriented and object-relational databases, MPEG-7 

description structures and the internal models of authoring tools are all instances of this idea: 

give every kind of media a first-class, describable place in the system. 

Hypermedia Data Models 

A hypermedia data model adds the dimension of navigation to a multimedia model. Where a 

multimedia model may describe a fixed presentation, a hypermedia model describes a network 

to be explored: its central concepts are the node (a unit of content — a page, a clip, a definition 

— corresponding to the media objects above), the link (a typed, directional connection from a 

source to a destination expressing a relationship such as 'explains', 'shows an example of', 'is 

the next step to'), and the anchor (the exact point within a node — a word, a button, a region 

of an image, a moment in a video — from which a link departs or at which it arrives). Classic 

reference models such as the Dexter Hypertext Reference Model formalised exactly these 

ideas: a storage layer of components and links, a within-component layer for anchors and 

content, and a run-time layer for presentation and following links. The World Wide Web is the 
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largest hypermedia model in daily use, with pages as nodes, URLs as addresses, and HTML 

anchors as links — a deliberately simple instance of the general model; richer systems add 

typed links, two-way links, link contexts and guided tours (author-suggested paths through the 

network). 

Table 1: Multimedia and hypermedia data models compared 

Aspect Multimedia data model Hypermedia data model 

Central question What media exists, and how is it 

composed in space and time? 

How is media connected, and 

how does a user navigate it? 

Key concepts Media objects, 

attributes/metadata, spatial 

and temporal composition, 

synchronisation 

Nodes, links (typed, directional), 

anchors, paths/tours 

Typical structure Compositions and presentations 

with timelines 

A network (graph) of linked 

nodes 

User's experience A presentation that plays or 

displays as authored 

Exploration: the user chooses 

the route 

Examples Multimedia database schemas, 

MPEG-7 descriptions, 

authoring-tool document 

models 

Dexter reference model; the 

Web (HTML pages, anchors, 

URLs); linked courseware 
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The Purpose of These Models 

The purposes of the two models overlap and reinforce each other. First, organisation and 

management: the model gives a system a principled way to store millions of heterogeneous 

media objects so that they can be catalogued, updated, reused in new presentations and kept 

consistent, instead of surviving as anonymous files in folders. Second, retrieval: because objects 

carry structured descriptions and content features, and hypermedia adds typed links between 

them, users can find material both by searching and by following meaningful paths — 

'everything about this topic, then its examples, then its exercises' is a route through a model, 

not a lucky accident. Third, presentation and navigation support: the model is the contract the 

player or browser works from — composition and timing rules in the multimedia model tell it 

how to lay out and synchronise a presentation, while nodes, links and anchors tell it what can 

be selected and where selection leads. Fourth, interoperability and longevity: systems that 

share a model can exchange content (as the Web's simple model lets any browser render any 

site), and content described by a model outlives the particular application that created it. Fifth, 

authoring support: models give authors reusable patterns — a node type for 'worked example', 

a link type for 'prerequisite' — so large courseware, manuals and archives can be built 

consistently by teams over years. A useful way to summarise the division of labour is that the 

multimedia data model describes what the content is and how it is put together, and the 

hypermedia data model describes how it is connected and travelled through; a complete 

modern system, from a streaming library to an online course, needs both. 

•  Multimedia data model: media objects + attributes + spatial/temporal composition + 

synchronisation + content features for search. 

USMAN NOTES  |  AIOU Code 3477 Solved Assignment 2 (Autumn 2026) Official Portal: www.usmannotes.com

Page 22 of 29 - USMAN NOTES (100% Quality Academic Reference) WhatsApp Orders: +92 324 5836626

USM
AN N

OTES

www.u
sm

an
no

te
s.c

om



Solved Assignment Guide — AIOU Design Fundamentals (3477) Assignment 2 — Page 23 

•  Hypermedia data model: nodes + typed directional links + anchors, arranged as a 

navigable network (Dexter model; the Web as the everyday instance). 

•  Shared purposes: organisation and reuse, retrieval by search and by navigation, correct 

presentation, interoperability and longevity, and consistent team authoring. 

Conclusion 

Multimedia data models define how media objects and their timed, spatial compositions are 

represented and managed; hypermedia data models extend that foundation with nodes, links 

and anchors so the collection becomes a network a user can explore. Their purpose is practical, 

not decorative: they make vast mixed collections storable, searchable, presentable, 

exchangeable and authorable — the difference between a warehouse of unrelated files and a 

library. Every course portal, streaming catalogue and electronic reference work a student uses 

is these two models at work, whether or not the student ever sees their names. 

Question 5: Content-Based Retrieval; The Role of Network Protocols 

in Multimedia Communication (20 Marks) 

Question as printed: a) What is content-based retrieval in multimedia systems? b) What role 

do network protocols play in multimedia communication? 

Introduction 

Two problems decide whether networked multimedia is actually usable. The first is finding 

things: a collection may hold a million photographs, lectures and songs, but they are worthless 

to a user who cannot locate the one item needed — and media, unlike text, cannot simply be 
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searched by the words inside it, because a photograph contains no words at all. The second is 

delivery: even the right item is useless if it arrives too late, in the wrong order, or out of step 

with its soundtrack. Part (a) of this answer explains content-based retrieval — searching for 

media by what it actually contains — and part (b) explains the role of network protocols, the 

agreed rules that carry multimedia across networks with the timing, order and quality it 

requires. 

Part (a): What Is Content-Based Retrieval? 

Content-based retrieval is the technique of searching a multimedia collection using the content 

of the media itself — the colours, shapes and textures of images; the melody, rhythm and 

sound character of audio; the scenes, motion and spoken words of video — rather than relying 

only on manually attached names, titles and keywords. In a content-based image retrieval 

(CBIR) system, for example, each picture in the collection is analysed in advance and its features 

stored in an index: a colour histogram recording how much of each colour it contains, texture 

measures describing surfaces such as smooth, striped or grainy, and shape descriptors of its 

main regions. A user then searches by example (supplying or sketching a similar picture), by 

feature ('mostly green, outdoor, people'), or by a hummed phrase or spoken phrase for audio; 

the system extracts the same features from the query, compares them with the index using a 

similarity measure, and returns the closest matches ranked by similarity — near-duplicates and 

near-misses included, which is exactly what a human browsing visually would want. 

For audio and video the same principle extends naturally: speech in recordings is transcribed 

automatically so the spoken content becomes searchable; music is fingerprinted so a few 
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seconds recorded in a noisy shop can identify the song; video is divided into shots, key frames 

are analysed like images, faces and objects are recognised, and on-screen text is read — one 

video becomes searchable from many directions at once. Content-based retrieval matters 

because manual annotation cannot scale and cannot be trusted: nobody will ever keyword a 

billion photographs, uploaders describe their own files carelessly or not at all, and some 

qualities ('a tune like this', 'a fabric that feels woven') are easier to show than to say. Its known 

weakness is the semantic gap: low-level features are not meaning. A system can find every 

picture dominated by red and blue without knowing which are sunsets and which are flags; 

modern systems narrow the gap with object recognition, learned features and relevance 

feedback, in which the user marks results 'more like this / less like this' and the search refines 

itself. The familiar everyday instances — searching a phone's photo library for 'beach' or 

'documents' without having labelled anything, identifying a song from a fragment, finding every 

scene containing a person in a video archive — are content-based retrieval in daily service. 

 

Figure 1: Content-based retrieval — a query's features are extracted and matched against indexed 

features of the collection, and results are ranked by similarity. 
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Part (b): The Role of Network Protocols in Multimedia Communication  

A network protocol is a standardised set of rules — message formats, sequences and 

behaviours — that allows two systems to communicate. For multimedia, protocols do far more 

than move bytes: they carry timing, repair or conceal damage, adapt to changing conditions 

and keep separate streams in step. Their roles can be grouped as follows. (1) Transport with the 

right trade-offs: ordinary data uses TCP, which guarantees delivery by retransmission — correct 

for a file, but a retransmitted video frame often arrives after its moment has passed; 

multimedia therefore commonly uses UDP-based transport (with RTP, the Real-time Transport 

Protocol, running over it), accepting occasional loss in exchange for timeliness, with each 

packet carrying sequence numbers and timestamps. (2) Timing and synchronisation: RTP 

timestamps and its companion RTCP reports let receivers reconstruct the sender's clock, 

measure delay, jitter and loss, synchronise audio with video and even synchronise receivers 

with each other; the timestamps are the time model of Question 1 travelling on the wire. 

(3) Session control: protocols such as RTSP (for play, pause and seek on streamed media), SIP 

and WebRTC's signalling (for setting up calls and conferences) establish, manage and close 

multimedia sessions, negotiating which codecs and rates both ends support. (4) Adaptation and 

quality: modern delivery (HTTP-based adaptive streaming such as HLS and MPEG-DASH, and 

WebRTC in calls) monitors the connection and switches between prepared quality levels, while 

underlying mechanisms request bandwidth, mark priority traffic and report congestion — 

protocols are how quality of service is requested, signalled and enforced between applications, 

routers and servers. (5) Addressing, naming and delivery structure: URLs identify media objects; 

content-delivery arrangements and multicast protocols distribute one popular stream 
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efficiently to many receivers; and security protocols encrypt the media and authenticate the 

parties, so calls and paid content are private. Remove protocols and each application would 

have to invent private arrangements for all of this with every partner — the practical meaning 

of 'protocol' is that a player, a server and a network built by strangers can still cooperate to 

deliver one synchronised, adaptive, secure presentation. 

Table 1: Protocols and their multimedia roles (examples) 

Protocol / family Layer of the job Role in multimedia 

communication 

UDP Transport Fast, lightweight delivery where 

timeliness beats perfect 

reliability 

RTP / RTCP Application (over UDP) Carries timed audio/video with 

sequence numbers and 

timestamps; reports quality and 

aids synchronisation 

RTSP Application Remote control of streaming: 

play, pause, seek 

SIP / WebRTC Application Sets up and manages calls and 

conferences; negotiates codecs; 

WebRTC carries encrypted real-

time media in browsers 

HLS / MPEG-DASH (over HTTP) Application Adaptive on-demand and live 

streaming: switches quality with 
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bandwidth 

TCP / HTTP Transport / application Reliable delivery for files, web 

pages and buffered (non-live) 

media 

  

•  Content-based retrieval in one line: search by the media's own features — colour, 

texture, shape, melody, fingerprint, transcript — ranked by similarity. 

•  Why it is needed: manual keywords cannot scale, are unreliable, and cannot express 'like 

this tune / picture'. 

•  Its weakness is the semantic gap between low-level features and human meaning, 

narrowed by recognition techniques and relevance feedback. 

•  Protocols provide: timely transport, timestamps and synchronisation, session control, 

quality adaptation, addressing/efficient distribution, and security. 

Conclusion 

Content-based retrieval solves the finding problem of multimedia: collections are indexed by 

automatically extracted features of the media itself, queries are matched by similarity, and 

results are ranked — letting users search photographs, music and video by what they contain 

rather than by what somebody once called them. Network protocols solve the delivery 

problem: they transport timed media with the right balance of speed and reliability, carry the 

timestamps that make synchronisation possible, set up and control sessions, adapt quality to 

real networks, address and distribute content efficiently, and keep it secure. Finding and 
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delivery — retrieval and protocols — are the two halves that turn stored media into a working 

multimedia service. 
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